ABSTRACT: This paper describes the macroflora and macrofauna associated with two bull kelp species, Laminaria hyperborea and L. digitata, at the island of Helgoland, North Sea. During a study period of seven months (March-September 1987), 29 macroflora species and 125 macrofauna species were found. The dominant taxonomic groups were Polychaeta (25 species), Bryozoa (17), Amphipoda (14), Hydrozoa (10) and Ascidiae (8). The species maximum was in July. In general, L.
INTRODUCTION
Laminariaceae frequently dominate rocky coasts in temperate waters. They are widely distributed around the island of Helgoland, and there provide a Suitable habitat for a wide variety of flora and invertebrate fauna.
Studies of epifaunal communities associated with Laminariales have already been published (see Ebling et al., 1948; Sloane et al., 1957; Ghelardi, 1971; Wing & Clendenning, 1971; Moore, 1973; Norton, 1971; Seed & Harris, 1980) . Most of them compare marine hard-bottom communities and those on intertidal Fig. 1 . Map of the island of Helgoland showing the sample sites (x) "Sfidhafen" (sheltered) and "NE-Reede" (exposed)
In March/April, July and September, 8 kelp plants of each species were taken from their natural habitat by SCUBA divers, carefully enclosed in large plastic sacks kept damp whilst being transported to the laboratory. The flora and fauna found on phylloid and cauloid were identified immediately. Species from the rhizoid were fixed in 4 % formaldehyde/seawater and the mobile species were retained by sieving the fixed samples through a gauze of 500 x 10 -6 m. Number of individuals and colonies on the thallus and the degree of cover of encrusting species were divided into three classes: (a) individuals or colonies: 1-10 11-100 101-1000 (b) cover (%):
1-10 11-50 51-100
A similarity analysis of the macrofaunal associations in the rhizoids of both Laminaria hyperborea and L. digitata was made by using the Sorensen-index for a pairwise comparison of all samples. The results were clustered by using the furthest neighbour method.
RESULTS
In Table 1 , all the macroflora and fauna species are listed that were found in association with Laminaria digitata or L. hyperborea between March and September 1987 at the two study sites.
Organisms marked with an "* " were found only in a preliminary study, in September 1986 and January 1987, but they were not considered for the results. Species marked with a "+" were not found on L. digitata.
29 macroflora and 125 macrofauna species were found in association with L. digitata or L. hyperborea. The maximum of species were found in July.
The Rhodophyceae (50 % of all flora species) dominated throughout the year. The most abundant taxa were: Polychaeta (20 % of all diverse fauna species), Bryozoa (14 %), Amphipoda (11%), Hydrozoa (8 %), Ascidiae (6 %), Bivalvia (6 %), Nemertini (5 %), Prosobranchia (5 %), Porifera (4 %), Opisthobranchia (3 %) and Pantopoda (3 %). Other regularly occurring groups were: Anthozoa, Pantopoda, Cirripedia, Isopoda, Anomura, Brachyura, and Echinodermata. Tables 2 and 3 show the distribution and abundance of dominant rnacroflora and macrofauna species on L. digitata and L. hyperborea I987 at the two study sites.
The different abiotic factors from the "Sfidhafen" and "NE-Reede" influenced the composition of the communities. The number of species and their abundance were higher at sites of fast flowing, turbulent water (NE-Reede). In slow moving water (Stidhafen), especially the calcified and sensitive members of the community (some bryozoans, ascidians, mobile forms) were most abundant.
The association on L. digitata and L. hy1aerborea at the same study site showed a very similar composition. At both study sites, especially on the "NE-Reede", the rhizoids were settled by more diverse communities than cauloids and phylloids.
At the exposed site, the fauna on the phylloid surface of L. hyperborea was dominated by Membranipora membranacea, Obelia geniculata and Gibbula cineraria. (March -September 1987) . Organisms marked with an ~ * " were found in a previous examination (September 1986 -January 1987 Crustacea/Natantia Crangon crangon (Linn~, 1758) + Eualus occultus (Lebour, 1936) Clavelina lepadiformis (Mfiller, 1776) SidnFum turbinatum Savigny, 1816 Didemnum maculosum Mflne Edwards, 1841 Ascidiella aspersa (Mfiller, 1776) Dendrodoa grossularia (van Beneden, 1846 ) + Botryllus schlosseri (PaUas, 1766) BotyUoides leachi (Savigny, 1816 At the sheltered site, phylloids were settled by patches of bryozoans, ascidians, hydrozoans (see Tables 2, 3 ).
Cauloid of L. hyperborea at the exposed site had a typical colonization characterized by Afembranipora membranacea, Electra pilosa, Membranoptera alata, Polysiphonia urceolata, Delesseria sanguinea (Tables 2, 3 ).
In the "Sfidhafen", only bryozoan colonies were found on the cauloids of L. hyperborea. L. digitata cauloids on the NE-Reede were not settled by sessile species but a few colonies of Electra pflosa and Membranipora membranacea settled on the cauloids in the "S/idhafen".
The highest abundance of species associated with the rhizoid was found on the "NEReede". In the "Stidhafen", a similar but less diverse association was found (Tables 2, 3) .
At both localities, L. hyperborea was usually associated with more species (125 fauna and 29 flora species) than L. digitata (83 fauna and 24 flora species) ( Table 1 ).
An increasing amount of colonies and a more widespread distribution were found during the seven months for Electra pflosa, NIembranipora membranacea, and Obelia geniculata, with a maximum in September. Botryllus schlosseri and Ascidiefla aspersa Caflopora lineata and Celleporella hyalina appeared during the study period and decreased in September. In general, the cover and species maximum was in July.
Annual phylloid development and loss of both Laminaria species influenced the patterns of cover and faunal associations. The seasonal change of the associations was more obvious on one-year old parts (phylloid) than on perennial parts (cauloid, rhizoid) of the kelp. In July, cover and diversity were lower on phylloids, especially on those at the exposed site (Tables 2, 3 ).
L. digitata cauloids showed a small amount of species, and a maximum cover of 30 % (flora and fauna) in September in the "Sfidhafen", while L. hyperborea had 80 % cover at the exposed station, and in September in the "Stidhafen" (Tables 2, 3) .
The cover of settling organisms on the rhizoid increased from March to September on both kelp species at both sites, in particular at the exposed locality, where up to 80 % of LI hyperborea was covered.
Primary settlers were in order of occurrence: Membranipora membranacea, Electra pilosa, and Obelia geniculata; Near the " collar" -region, especially Membranipora membranacea colonies spread widely and grew in the direction of the intercalar zone.
We first found Membranipora membranacea colonies in July on the phylloids of L. hyperborea (at both locations), whereas colonies on the phylloid of L. digitata were only found in September (only at the exposed location).
Due to the high amount of species and their abundance in the "S~idhafen", there was a more intensive competition for space. Membranipora membranacea was always present, but most conspicuous in September. Competition for space showed the following ranking on the phylloid: Mernbranipora membranacea, Electra pilosa, Callopora lineata, Celleporella hyalina. Obelia geniculata overgrew other species without harming them. Whenever Botryllus schlosseri and Ascidiella aspersa settled, they outcompeted most of the other potential competitors for space. Only Membranipora membranacea was able to overgrow Botryllus schlosseri.
On both Laminaria cauloids and at both localities, Electra pilosa was the dominant species. The Rhodophyceae on the cauloids of L. hyperborea on the "NE-Reede" were overgrown by Electra pflosa. Membranipora membranacea overgrew Electra pilosa at the top of the cauloids to 50 % in the "Sfidhafen" and to 30 % in the "NE-Reede".
The species diversity of ~e rhizoid community was higher than on other parts of the kelp. Typical competitors for space showed the following ranking Halichondria panicea, Electra pilosa, Caflopora lineata, and Celleporefla hyalina.
DISCUSSION
The attractiveness for settlement of Laminaria hyperborea (125 fauna and 29 flora species) is obviously higher than that of L. digitata (83 fauna and 24 flora species) around Helgoland. Figure 2 shows the typical fauna and flora association distributed on L. digitata and L. hyperborea at two different Helgoland sites. The study of the three parts of the kelp thallus (phylloid, cauloid, rhizoid) shows, in the Helgoland samples, a decrease of species density on the parts near the phyUoid, especially at exposed stations compared with the sheltered regions.
The most attractive place for faunal settlement were the rhizoids, but there was no homogeneous composition. The samples of L. hyperborea rhizoids are placed in two different groups by the cluster analysis (Fig. 3) . One consisted of samples from the "Nordost-Reede', while the other consisted of those from the SfidhaferL Within both groups, highest similarity occurred between the samples of July and September. Consequently, wave exposure seemed to play a more important role in community composition than seasonal influences (which also existed showing a low similarity between spring and summer samples).
Cluster results for L. digitata samples differed substantially from those of L. hyperborea. Highest digitata at the island of Helgoland. Similarity analysis using Sorensen index (see Braun-Blanquet, 1964 ) for a pairwise comparison for the samples. Indices were clustered by furthest neighbour method (Steinhausen & Langer, 1977) and Saccorhiza (Kitching et al., 1934; Sloane et al., 1957; Norton, 1971) . Most of the studies examined only one part of the kelp thallus (phylloid, cauloid or rhizoid) (Colman, 1940; Ebling et al., 1948; Ghelardi, 1971; Moore, 1973) or a detailed question (Wing & Clendenning, 1971~ Stebbing, 1972 Norton, 1973; Dixon et al., 1981; Keough, 1986) . Norton (1971) found 89 fauna species associated with Saccorhiza polyschides near the Isle of Man. Janke (1986) dicovered 82 fauna species alone in the rhizoid of L. digitata around Helgoland from the shallow subtidal region. All these species, with the exception of Clava multicornis, were also found in this study. Norton (1971) found a high reduction in the number of species towards the phylloid and at exposed sites, as we did in this study. At sheltered locations, an increase in the mobile fauna species was found on the phylloids when bryozoans and other sessile species settled there. This contrasts with the findings in exposed regions where the fronds were not covered with mobile forms when bryozoans were present. Wing & Clendenning (1971) found higher numbers of mobile animals on totally encrusted phylloids than on clean phylloid samples.
Most of the species found constantly associated with S. polyschides were also commonly found on Laminaria kelps near Helgoland (Obelia geniculata, Electra pilosa, Celleporetla hyalina, Catlopora lineata, Gibbula cineraria, Nereis pelagica, Jassa spp., Ascidietla aspersa). The distribution and abundance of this common species is similar to those on Laminaria kelps near Helgoland (Fig. 2) , near Wemhury (Kitching et aI., 1934) and near Lough Ine (Sloane et al., 1957) .
A very typical settler on the laminarians is Membranipora membranacea. This species shows a stronger affinity to L. hyperborea fronds than to L. digitata (Helgoland) , and stronger to L. digitata than to L. cloustoni (Wembury) (Kitching et al., 1934) . This bryozoan is rare on L. digitata near Helgoland and near Lough Ine (Sloane et al., 1957) , but abundant on L. hyperborea (Helgoland) , S. polyschides (Norton, 1971) , and on Macrocystis (Yoshioka, 1982) .
Membranipora membranacea does not settle only on the phylloid but also on the flat cauloids and frills of S. polyschides (Sloane et al., 1957) . It was found mainly on the cauloids of Laminaria spp. in the "Siidhafen".
The existence of a few sessile phytal forms depends on the kelp associations (Membranipora rnembranacea, Sertularella rugosa [obligate cauloid settler; Nishihira, 1967] , Spirorbis spirorbis).
Most of the epifaunal species use the kelp as a place for settlement and not as a food resource. De Burgh & Fankboner (1978) showed in the case of Nereocystis luetkeana, labelled with radioactive carbon (C14), that Membranipora membranacea absorbed the exudates from this kelp.
The cauloids of L. hyperborea are especially used as a habitat at the "NE-Reede".
They present a favourile substrate for Rhodophyceae (see Lfining, 1985; Hiscock, 1985) . Moore (1973) investigated the crustacea of the rhizoid of L. hyperborea on the northeast coast of Britain. Amphipods represent and important part of the vagile fauna. Moore (1973) reported on the following species, which were also found during our investigation: Idothea sp., Janira maculosa, Dexamine thea, Jassa spp., Caprella linearis, Apherusa spp., Gammarellus homari.
The occurrence of Nereis pelagica and the sponge Halichondria panicea on the rhizoid (Hartmann-Schr6der, 1971; Gillandt, 1979) was also found in the present study.
The appearance of new colonies of h4embranipora membranacea "was observed around Helgoland in July. Norton (1971) (Ebling et a.l,, 1948; Norton, 1971; Stebbing, 1972) . The kelp region represents an important zone for the development of juvenile animals (Norton, 1971) . Especially Agonus cataphractus lays its eggs in the rhizoid of iaminaria around Helgoland (KriiB, 1988) . The absence of juvenile Echinoidea (Echinus esculentus, Psammechinus miliaris) and the bryozoan Scrupocellaria reptans is conspicuous. The latter is found frequently on the phylioids of Saccorhiza (Ebling et aL, 1948; Norton, 1971 ) and on Larninaria spp. in Eire (Stebbing, 1972) .
Patina pellucida, a typical settler on Laminaria fronds (Fretter & Graham, 1976) , was not found in this study. This gastropod has not been reported live around Helgoland since 1959 (Ziegelmeier, 1966) , but fresh shells of this species are washed ashore at the "Dfine" (see Pig. 1) every spring (Janke, 1987) . On Saccorhiza polyschides (Norton, 1971 ) and on L. digitata in Strangford Lough (Seed & Harris, 1980) , this gastropod is a very typical and abundant component of the fauna.
The associations of the two bull kelp species L, digitata and L. hyperborea near Helgoland show a similar pattern to those of other kelps from different regions, but they lack some typical dominant settlers.
